Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 



^ •! 



X 



RECORDS 



ov 



STEAM BOILER EXPLOSIONS, 



BT 



EDWARD BINDON MARTEN, 



Mbm. Inst, op Mxohanig^l EMonnnsBs; Associaxb of Institution op 



Civil Enginhxbs, and Ohibp Enoinbxb to thx 



Midland Steam Boiler Insfbciion and Assubanoe Co. 




LONDON : 
E. & F. N. SPON, 48, CHARING CROSS 

STOTOBRIDGE : 
V R. BROOMHALL, 148, HIGH STREET, 

18G9. 



I&L .e - ^2- 



PREFACE. 



Accurate information as to Boiler Explosions must always 
be useful to those who are interested in the safe working 
of Steam Boilers. 

The following pages contain very brief abstracts of records 
obtained for the Midland Steam Boiler Inspection and 
Assurance Company, by whose permission they are now 
republished in a compact and convenient form. 

By permission of the Council of the Institution of 
Mechanical Engineers, the records are prefeiced by a paper 
on Steam Boiler Explosions and their records, and on 
Inspection as a means of prevention, read before that 
Institution at Manchester, August 1st, 1866. 

All names of Works or Firms are omitted from the 
records as unnecessary. 



On Steam Boiles Explosions and theib Records, and on 
Inspection as a Means of Prevention, bt Edward B. Marten, 

MEM. INST. M.E. A.I.C.E., EXCERPT MiNUTES OF PrOCEEDINOS OF THE 

Meeting of the Institution of Mechanical Engineers, at 
Manchester, 1st August, 1866, Joseph Whitworth, Esa, 
President, in the Chair. By permission of the Council. 



The subject of Steam Boiler Explosions, which was brought before 
this Institution in Juney 1848, in a paper by the late Mr. William 
Smith of Dudley in reference to an explosion near that place, and 
again in 1859 in a paper by Mr. Longridge on the economy and 
durability of stationary boilers, is one of great importance and is 
now attracting increased attention. The first public notice of the 
subject was by a parliamentary committee in 1817, which was 
appointed in consequence of a very fatal boiler explosion in London 
in 1815 ; evidence was then collected as to steamboats, and many 
boiler explosions were referred to. That committee recommended 
among other things that boilers should be made of wrought iroui 
instead of cast iron or copper, which had been the materials mainly 
used previously ; that thoy should be inspected and tested ; and 
that there should be two safety valves, each loaded to one third of 
the test pressure, under penalties for any excess. A great part of 
the information now existing upon the subject^ especially in regard to 
the earlier explosions, is to be found in the records of inquests after 
fatal cases ; and some of the careful reports of eminent engineers 
on those occasions have materially assisted in the formation of 
correct views as to the causes of explosion. Latterly also the 
printed reports of the inspectors of mines, and more especially the 
reports of the explosions of locomotives, illustrated by diagrams by 
the inspectors of railways, have furnished very valuable information. 
Since the subject has been taken up by private associationB for the 
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6 BOILER EXPLOBIOKS. 

prevention of explosions, many more records have been published, 
although their usefulness is much impaired by their not containing 
the names of the places whereby the explosions could be identified. 

When the writer's attention was first directed to this subject, 
he met with great difficulty in obtaining correct records of boiler 
explosions, from which to arrive at the results of past experience ; 
and wishing to base his own opinion on facts, rather than on the 
inferences of others however reliable, he followed the example of 
the Franklin Institute in their elaborate investigation of the subject, 
and collected aU the records he could find; and by way of 
facilitating reference, arranged an index, a manuscript copy of 
which is presented with the present paper to the Library of this 
Institution. All must be agreed as to the importance of reliable 
information on such accidents as boiler explosions; and the 
writer would suggest that this Institution may materially aid in 
obtaining the desired records and placing them within easy 
access, by becoming the depository of reports on explosions, and by 
inducing those who have the opportunity to forward copies of 
reports, that these may be arranged so as to be easily found and 
consulted. It is very desirable that these reports should as 
far as possible be illustrated by sketches, as aids to the description ; 
and also by slight models like those now shown to the meeting, 
by which the whole matter may be seen at a glance. So few 
persons comparatively have the opportunity of examining boilers 
after explosion, that the most erroneous ideas have prevailed, 
and theories have been advanced which would soon be dissipated 
by practical experience or by reading accurate reports. It would 
abo very much aid in the understanding of published matter on the 
subject, if full descriptions of each case alluded to in illustration 
could be obtained. These records are as useful to the engineer as 
the *' precedents "or ** cases " to the lawyer or the surgeon. After 
any serious explosion, the newspapers of the neighbourhood in 
which it has occurred contain voluminous articles describing the 
disastrous result and the damage done, which, although useful as 
far as they go, do not in the least assist in arriving at the cause of 
explosion. The really important particulars, such as the description 
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and conBtructioii of the boiler, its dimensions, and the pressure at 
which it worked, are in most cases omitted altogether. 

The record of explosions presented to the Institution contains 
a list of the boiler explosions in each year of the present century, 
as far as known to the writer, with the names of the places, and 
the description and sizes of the boilers, and the supposed cause 
of explosion, together with references to the books or papers &om 
which Airther information may be obtained. Of course many 
of the explosions have to be put down as uncertain in some of the 
particulars ; but every year improves the record, as fresh information 
is obtained, and with the assistance of the members of this 
Institution it might be made far more perfect and extensive. 

The total number of explosions here recorded is 1046, and they 
caused the death of 4076 persons and the injury of 2903. The 
causes assigned for the several explosions are very numerous, and 
are no doubt incorrect in many cases ; but they may be generally 
stated as follows : 
397 are too uncert&in to place under any heading ; but of the rest 
145 were from the boilers being worn out, or from corrosion, or 

from deteriorated plates or rivets. 
137 from over pressure, from safety valves being wedged or 
overweighted, in some cases intentionally, or from other 
acts of carelessness. 
125 from faulty construction of boiler or fittings, want of stays, or 

neglect of timely repair. 
119 from collapse of internal tubes, generally from insufficient 

strength. 
114 from shortness of water, or from scurf preventing the proper 
contact of the water with the plates ; or from improper 
setting so as to expose the sides of the boiler to the flame 
above the water line. 
9 from extraneous causes, such as effect of lightning striking 
down the stacks upon the boilers, or from Are in the building 
or explosion of gas in the flues. 
1046 total number of explosions. 
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thought of any other cause than the insufficient strength of the 
▼essel to bear the expansive force of the steam contained in it. 
When the advantages of high-pressure steam became recognized, 
and the boilers were improved so as to bear the increased strain, 
the tremendous havoc caused by an explosion led many to think 
that something more must be required than the expansive force of 
the steam to produce such an effect; and they appear to have 
attributed to steam under certain conditions a detonating force, or a 
sudden access of expansive power that overcame all resistance. To 
support this somewhat natural supposition, it was asserted that the 
steam became partially decomposed into its constituent gases, 
formiog an explosive mixture within the boiler. That this belief 
is stiU sometimes entertained is seen from the verdict of a jury even 
in the present year, 1866, in the case of the explosion of a plain 
cylindrical boiler at Leicester, shown in Pig. 2^ the real 




Fig. 2. 
cause of which appears to have been that the shell of the 
boiler was weakened by the manhole. It seems hardly necessary 
to point out the fallacy of imagining decomposition and recomposition 
of the steam to take place in succession in the same vessel without 
the introduction of any new element for causing a change of 
chemical combination ; but it is necessary to refer to this supposition, 
as the idea is shown to be not yet extinct. 

Again it has been asserted that the steam when remaining quite 
still in the boiler becomes heated much beyond the temperature due 
to the pressure ; and that therefore when it is stirred or mixed or 
brought more in contact with the water by the opening of a valve 
or other cause, the water evaporates so rapidly as to produce an 
excessive pressure by accumulation of steam. In support of this view 
the frequency of explosions upon the starting of the engine after a 
short stand is adduced ; but it is very doubtful whether by this means 
a sufficient extra pressure could be produced to cause an explosion, 
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unless the boiler had been previously working up to within a very 
small margin of its strength. Explosions are seldom caused by a 
sudden increase of pressure, but rather by the pressure gradually 
mounting to the bursting point, when of course the effect is sudden 
enough. Nor is it necessary in many cases to look for much increase 
of pressure as the cause of explosion ; for it is far more often the 
case that the strength of the boiler has gradusJly degenerated by 
wear or corrosion, until unable to bear even the ordinary working 
pressure. It is so very easy, when examining the scene of an 
explosion, for the first cause of rupture to be confounded with the 
causes of the subsequent mischief, that in many cases erroneous 
conclusions have been arrived at in this way. 

The most important points to find out in connection with any 
explosion are the condition of the boiler and all belonging to it 
immediately before the explosion, together with the locality of the 
first rent, the direction of the line of rupture, and the nature of the 
fracture ; as everything occurring after the instant of the first rent is 
an effect and not a cause of explosion. As soon as the first rent has 
taken place, the balance of strain in the fabric is disturbed, and 
therefore the internal pressure has greatly increased power in 
continuing the rupture ; and also the pressure being then removed 
from the surface of the water, which is already heated to the 
temperature of the steam, the whole body of the water gives out its 
heat in the form of steeim at a considerable pressure, and thus 
supplies the volume of steam for carrying on the work of 
destruction. When thus quickly generated, the steam perhaps 
carries part of the water with it in the same way that it does in 
ordinary priming; and it has been thought by some that the 
impact of the water is thus added to that of the steam, to aid in 
the shock given to all surrounding obstacles. 

It is seldom that one out of a bed of boilers explodes without 
more or less injury to the others on either side of it ; but sometimes 
two boilers in one bed, or three, or even five, have exploded 
simultaneously. 

The causes of boiler explosions may be considered under the two 
general heads of^ — 
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hare saoh small drculation of water that they very soon burnt out, 
and also led to much priming. Afterwards, narrow chambers made 
of corrugated plates set like the cells of a battery were tried, but 
without much success. The multitubular boilers of the locomotiye 
type soon, superseded all others as quick steam generators, and 
until lately they have been considered as almost absolutely safe from 
explosion. It is found however that the barrel of these boilers is 
peculiarly liable to furrowing, owing to the strain weakening the 
iron in certain lines. Perhaps no boiler shows more clearly than 
the locomotiye how necessary it is that every part should be open 
to examination; and also how unwise it would be to use for 
stationary purposes small cramped up boilers, only intended to 
meet the necessities of locomotion. Many explosions of locomotiye 
boilers have taken place ; but it is not necessary to give details in 
this paper, as they are Mly given in the published official reports 
of the government inspectors. 

Among the form of boilers designed to obtain very rapid 
generation of steam, combined with increased safety from explosion, 
may be specially named that consisting of a system of small pipes 
within a shell with an artificial circulation of water, an^ also the 
boiler consisting of a cluster of cast-iron spheres, both of which 
have been described at previous meetings of the Institution (see 
Proceedings Inst. H. E. 1861 page 30, and 1864 page 61) ; but 
neither has been much used in this country at present. The boilers 
also which consist chiefly of small tubes hanging down into the fire, 
with smaller tubes or other arrangements within them for securing 
a natural circulation, deserve mention, as they appear successfully 
to accomplish that end. 

The principle of all these small boilers appears to be that only 
a small quantity of water should be contained in them, so that there 
should not be a reservoir of danger in the shape of a mass of highly 
heated water ready to be converted into steam if a rupturei takes 
place : and it cannot be denied that this is an advantage. But on the 
other hand these boilers of small capacity, which evaporate their 
whole contents in a few minutes, are subject to new dangers from 
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that very caufie; and although admirably adapted for purposes 
where steam is wanted quickly on a sudden emergency, as in the 
case of fire engines, or where the generating power required varies 
each moment, as in the locomotive, they are for the most part ill 
adapted for ordinary stationary purposes, such as the mill or the 
colliery. They require constant firing and vigilant attention to the 
feed, and cannot be left for a time with safety like the ordinary 
stationary boilers. It has to be borne in mind also that the very 
reservoir of danger so much dreaded is also a reservoir of power, 
which assists in the steady maintenance of the machinery in motion. 
The large mass of water heated to the evaporating point, the heated 
brickwork of the flues, and the large fireplace, are so many assistauces 
to regularity, and enable the man in charge to attend to his other 
duties without the risk of spoiling the boiler or letting down the 
steam by a few minutes' absence from the stoke hole. Steam 
employers are found at present to prefer the known dangers of the 
large boilers to the supposed safety of small boilers, which they 
fear are troublesome in practice. 

Many of the early boilers were rendered weak by the injudicious 
manner of arranging the seams. The longitudinal seams were made 
in a continuous Hne from end to end, as shown in Fig. 24, page 20, 
with the transverse seams also continued completely round the boiler, 
so that at the comer of each plate there were four thicknesses of iron. 
The crossing of the seams, as in Fig. 25, page 21, adds much to the 
strength, and also often prevents a rent from continuing forward to a 
dangerous extent. 

It is scarcely requisite to mention the necessity of good material 
and workmanship to secure strength in a boiler, however perfect 
the design. If the plates are of weak and brittle iron, or imperfectly 
manufactured, they will never make a good boiler. Apart firom the 
strain upon the boiler when at work, the iron has to undergo the 
strain of the necessary manipulation, shaping, and punching, 
during the construction of the boiler. If the plates forming the 
boiler are^not well fitted to their places before the rivet holes are 
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The preceding examples haye shown how explosions often result 
from fanlts in the oonstniction of boilers ; and the following instances 
illustrate the explosions caused by mischief arising during working. 
A boiler perhaps more than any other structure is subject to wear 
and tear ; and let it be worked ever so carefully, it will seriously 
deteriorate. The wonder is, considering the work they have to 
perform, that so many boilers are found which have worked twenty, 
thirty, or even fifty years without explosion. The terms wear and 
tear however are too vague for this subject, and the mischief met 
with must be considered under distinct heads. 

There is no doubt that the thing most to be dreaded for boilers 
is corrosion ; because when the plate is once thinned, it cannot be 
strengthened again, but must remain permanently weakened. 
Corrosion the more deserves attention because it is easily detected by 
moderate vigilance, and can generally be prevented by moderate care, 
or by the boilers being so arranged that they can be readily examined 
in every part. Corrosion has been the direct and unmistakeable cause 
of a very large proportion of the explosions that have happened : 
it occurs both inside and outside the boHer, according to circum- 
stances, and attacks the iron in various ways and in different places. 

Internal corrosion sometimes takes place from bad feed water, 
and its effects are different in extent in the different parts of the 
same boiler. It very seldom thins the plate over a large surface 
regularly, but attacks the iron in spots, pitting it in a number of 
holes. These are sometimes large, as if gradually increasing from a 
centre of action ; and sometimes small, but so close together as to 
leave very little more space whole than that which is attacked. A 
very curious example of the latter was exhibited to the meeting, and 
shown in Figs. 56 and 57, cut from the lower part of the shell 
of a large tubular boiler externally fired. The corrosion was 
greatest along that part of the shell most exposed to heat, and was 
so extensive that two boilers exploded simultaneously. The boilers 
had been at work sixteen years, but the corrosion commenced 
about eight years before the explosion, when the feed water was 
rendered corrosive by being obtained from some iron mines. 
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fdture working each of these blisters forms a cozyitant unprotected 
point for attack. It is frequently seen farther that such corrosion 
is arrested if water be used which deposits scurf; but fresh blisters 
and renewed corrosion will result from a return to the use of the 
bad water. 

The internal corrosion called furrowing has proved a frequent 
cause of explosion, especially in locomotiye boilers. It differs from 
other corrosion by being in deep narrow continuous lines with abrupt 
edges. It will sometimes go completely through a plate ; and is 
found where a sudden change of thickness occurs, either along the 
lines of the seams, or opposite the edge of angle-iron attachments. 
This effect is supposed to be due to the alternate springing of 
the plates under each variation of the pressure or temperature, 
causing the line of least resistance to receive a strain somewhat 
similar to that produced by bending a piece of iron backwards 
and forwards for the purpose of breaking it. This line of injury 
is exposed to constant attack from corrosion, because the scurf is 
always thrown off from it. 

External corrosion is a far more frequent cause of explosion in 
stationary ^boilers; and it arises from many causes. The most 
frequent cause, although the most easily detected, is leakage from 
the joints of the fittings on the top of the boiler, which are too 
frequently attached by bolts instead of rivets. This evil is much 
increased when the boilers are covered with brickwork, which holds 
the water against the plates, and hides the mischief from observation. 
It is astonishing to find how much damage is allowed in this 
way to go on without attention, until the tops of boilers are 
corroded so thin that little holes burst through. These are 
sometimes found stopped with wooden pegs or covered by screwed 
patches of plate, either of which cause leakage that hastens the 
mischief, as shown by the sample exhibited. Boilers exposed to the 
weather will of course become corroded like anything else made of 
iron and not painted ; and yet so much mischief is sometimes caused 
by leakage beneath improper covering that exposure may almost 
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be said to be the smaller evil of the two, as it is better to see what 
is going on than to rest in false secnrity. No covering will be 
found cheaper, or better, in the long run, than a roof, which prevents 
the loss of heat by exposure, and yet allows free access to all the 
fittings and joints on the top of the boiler. 

Some examples of the evils of covering can be given that have 
come under the writer's observation. A set of boilers had been well 
covered by arches of brickwork, so built as to keep out all water, 
and also set so as to touch the boilers only at intervals, leaving a 
space generally of a few inches. After about seven years' working, 
the whole of the tops of the boilers were discovered to be dangerously 
thin, and had to be renewed. The cause was leakage from the 
jomts of fittings and seams of the boilers, and the issuing steam had 
been drawn along the space between the boilers and the arches, and 
had escaped at a place where it had not attracted notice. In another 
case, a somewhat similar set of boilers were covered with ashes, to 
prevent the loss of heat by radiation ; and the rain and the leakage 
beneath the ashes, in conjunction with the corrosive matter from the 
ashes themselves, thinned the tops of the boilers to a dangerous 
extent in less than two years. A sketch of the corrosion caused in 
this instance by covering with ashes is shown in Figs. 60 and 61. 
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Similar mischief has been noticed in boilers covered with sand, 
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as shown in the sketches Figs. 62 and 63, which represent an 
instance of corrosion after eight years' working ; although nothing 
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Fig. 62. 
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forms a better covering than sand for preventing loss of heat hj 
radiation. In both these, examples it will be seen that the corrosion 
has continued until the thickness of the plate has been so eaten 
away that a hole has been burst out at SS. A very good covering is 
formed by brickwork in cement ; or various cements made for the 
purpose, which adhere to the surface of the plate and yet show 
leakage; or such materials as sacking or felt; or sheet-iron 
casing, leaving about 6 inches of air space all roand the boiler. 
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desenres attention^ as it shows the effect of a jet of steam and 
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water from the leaking rivet B, in cutting a series of channels into 
the plate along the coarse of the dotted lines EEE, and producing 
a hole in the plate at &• Thia corrosion had been going on for 
about four years, but was in a part of the boiler seldom seen in 
ordinary examination. Many explosions have resulted from this 
form of corrosion; for when a rent is once made, the fracture 
continues along the thinned channel of the plate. 

The corrosion most to be dreaded, because most di£Scult to 
detect, is that which takes place where the boiler is in contact with 
brickwork ; and it is found alike in all forms of boilers set in brickwork. 
When found at the part where the side flues are gathered in at the 
top against the boiler, it is usually occasioned by the leaking of 
fittings or feed pipes, or by rain being allowed to run between the 
boiler and the brickwork. More than one explosion has been caused 
by the droppings from a roof being allowed to fall upon the tops of 
the flues. When the corrosion is found at the point where the 
bottom flue walls touch the boiler, it is frequently caused by the 
leaking of seams that have been strained by the weight of the 
boiler; and this often arises from want of care to replace the 
brickwork, after repair of the boiler or flues, in such a position as 
to take again its proper proportion of the weight of the boiler. 
Gases have been met with where the shape of the bottom of 
large boilers has been quite altered by such means. The 
brackets on the sides of heavy boilers have not only been strained so 
that the rivets or bolts have leaked and caused corrosion, but they 
have also bent or cracked the side plates of the boiler. The 
bracket shown at B in Fig. 53, page 40, made of only an angle iron 
with a piece of plate attached, is especially liable to cause injury if 
the brickwork is not rebuilt close up to the angle iron, as the 
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and forming a nucleus for the scurf to accumulate upon. Other 
specimens show that foreign matter must have been put into the 
boiler to stop leaking. 

Accumulations of scurf in the feed pipes at the point of entrance 
into the boiler have also caused explosion by stopping the supply of 
water. The same result is caused by the freezing of the water in 
the pipes which are exposed, and each winter one or two boilers are 
injured or exploded from this cause, especially small household 
boilers placed behind kitchen grates. Scurf cannot be considered 
so great an evil as corrosion, since it can be removed, and if this is 
done in time, the boiler is restored to its original condition. 

The advantage of a pure water, which does not deposit scurf, is 
so great for the supply of boilers that it is always worth while to 
go to considerable expense for obtaining it ; or to take some steps 
for purifying the feed water as much as possible. If it is only mud 
mechanically suspended, which would deposit by gravity on the 
bottom of the boiler, frequent use should be made of the blow-off 
apparatus. If the impurity is light enough to be carried to 
the surface in the form of scum, the blow-off apparatus should 
discharge from the surface of the water as weU as from the bottom. 
If the impurity is chemically suspended in the water, some 
one of the many substances which form the refiise from various 
manufactures, and which may contain suitable ingredients, should be 
used to counteract the effect of the impurity. Common soda will 
answer the purpose perhaps better than anything else. It must not 
be forgotten however that the blow-off apparatus must afterwards 
be used more frequently, to rid the boiler of the foreign matter, 
or the mischief will be increased. In marine boilers, constant 
attention is necessary to get rid of the saline deposit; and in 
stationary boilers using impure water an equally systematic attention 
is needed to get rid of the earthy deposit. 

Perhaps no cause of explosion is oftener mentioned than shortness 
of water, and this is not unfrequently coupled with turning on the 
feed suddenly into an overheated boiler. Many explosions have 
been attributed to this cause, when closer investigation would have 
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ordinary safety yalyes would carry off. The danger would not 
arise so mucli from the excess of steam generated by the heat 
accumulated in the heated plates of the boiler, as &om the injury 
and strain that would be caused to the plates by the undue 
expansion and sudden contraction, especially as this action would 
take place on only a portion of the boiler. A singular case, bearing 
on this point, may be mentioned. A four-Aimace upright boiler, 
like that shown in Fig. 44, happened to run so nearly empty, 
through the accidental sticking of the self-acting feed apparatus, 
that the level of the water sank to the top of the hemispherical 
end forming the bottom of the boiler. The feed apparatus then 
became released of itself, and, the feed being turned full on, the 
water gradually rose until the whole occurrence was only discovered 
by the leaking at the seams that had been sprung, which caused so 
much steam in the flues as to stop the working of the fdmaces. 
The overheating had been sufficient to buckle the plates, and in one 
place a rupture had almost commenced ; but there was no explosion. 
Ey way of direct experiment upon this point, boilers have been 
purposely made red-hot and then filled with cold water, without 
causing explosion. 

It has been supposed that boilers sometimes explode from 
overheating without the water level being below the usual point, or 
without the accumulation of scurf previously alluded to, but simply 
by the rapidity of the evaporation from an intensely heated surface 
causing such a continuous current of steam as to prevent the proper 
contact of the water with the heated plate. Such has been the 
cause assigned for the explosion of a three-furnace upright boiler at 
Birmingham in 1865, shown in Fig. 75. A piece of plate 
about 3 fb. by IJ- ft. was blown out of the side, at a place where an 
enormous flame impinged continually. The plates had flrst 
bulged out, and then given way in the centre of the bulge, each 
edge being doubled back and broken off. There was no positive 
evidence as to the water supply ; but the crown of the centre tube, 
which was much above the bottom of the part blown out, remained 
uninjured. 

A somewhat similar case was that of a large horizontal boiler 
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and escaped notice ; bnt when the plate that fails is foimd to he 
brittle and of bad iron, the fault is rather attributed to the effect of 
working than to original bad quality. Of course this is not always 
the case, as the injury done to plates by overheating has been already 
explained. Pieces of plate haye in some cases been erroneously 
pronounced to be deteriorated by work, which have been taken from 
situations in the boilers where they were not exposed to any action of 
fire that could cause oyerheating ; and therefore in reality the injury 
could only have taken place when the boiler was being made, 
by burning the iron in bending it to the required shape. A frequent 
cause of fatal injury to boilers is injudicious repair, whereby 
the crossing of the seams is destroyed, as in the explosion at 
Wolverhampton in 1865, previously referred to and shown in 
Pig. 36. Horeover the edges of the old plates, already tried by 
the first rivetting and the subsequent cutting out of the rivets, 
are frequently strained again by the use of the drift to draw them 
up to the strong new plates ; and many a seam rip is thus started 
which ultimately causes explosion. 

Many explosions have been caused by the want of proper apparatus 
for enabling the attendant to tell the height of the water and the 
pressure of the steam, and also by the want of sufficient apparatus for 
supply of feed water and escape of steam, or by the failure of one or 
other of these ; but such explosions can only be referred to generally 
in the present paper. The mountings on a boiler are usually so open 
to observation, and the importance of having them good and efficient 
ifi so universally acknowledged, that much remark is not needed. 
Hention has already been made of the sticking of self-acting feed 
apparatus as a cause of mischief, and similar failures of floats and 
gauges have constantly happened ; but this should by no means be 
considered to condemn self-acting apparatus, either for assisting in. 
the steadiness of working, or for giving warning of danger. The 
apparatus however should be relied on for assistance only ; and an 
attendant cannot be called careful who leaves a boiler dependent on 
such apparatus without watching. The self-acting principle has 
been seen by the writer applied in a novel and useful way in a 
recording prefMore gauge, which proved the more interesting as it 
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liad shown the Actual piesaure of steam at the time of the explosion 
of one of the boilezs with which it was connected. 

Among the nmnerous boiler explosions that have been attributed 
to over-pressure through deficient arrangements for escape of steam, 
in many cases the safety valves have been placed on the steam 
pipes in such a manner that the communication with them was cut 
off whenever the steam stop-valve was shut, which is just the time 
when the safety valves are most wanted. Safety valves are too often 
found needlessly overweighted ; and it is believed that many boilers 
are constantly worked with safety valves so imprudently arranged 
and weighted, tliat they could not carry off all the steam the boilers 
would generate without a very great increase of pressure. 

It is concluded that enough has now been said to show that 
boiler explosions do not arise from mysterious causes, but generally 
from some defect which could have been remedied if it had been 
known to exist. It only remains therefore to consider what is the 
most ready and efficient way to discover the true condition of a 
boiler. It has been maintained that this end is best accomplished 
by what is called the hydraulic test, in which a pressure of water is 
maintained in the boiler for a given time at a certain excess above 
the working pressure. This test is undoubtedly useful so far as it 
goes, and is perhaps the only one that can be applied to boilers with 
small internal spaces, such as locomotive boilers, not admitting of 
personal inspection over the whole of the interior ; and it is also 
admirable for testing the workmanship of a new boiler. But on the 
other hand the conditions of a boiler at work are so different from 
those which exist during the hydraulic test, that this alone cannot 
be depended on ; for old boilers have been known to stand this test 
to double their working pressure without apparent injury, although 
known to be dangerously corroded. The difficulty also of seeing or 
measuring the effect of the hydraulic test upon large boilers set in 
elaborate brickwork is so great that little practical benefit has 
resulted in many cases. 

It is believed by the writer that the surest way to ascertain the 
true condition of a boiler is to examine it at frequent intervals in 
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every part, both inside and outside ; and as this can only be done 
when both the boilers and the fines can be readily entered, it is 
specially important that facility for examination should be made a 
consideration in selecting a construction of boiler. Permanent safety 
should be considered as an element of economy, in addition to its 
still higher importance in reference to the preservation of life. 
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BOHEB EXPLOSIONS IS 1866. 

was 6ft. lin. long, 2ft. 5in. diameter the fire-box end was 8ft. 
wide, and 2ft;. 4in. deep ; the fire-box was 2fk. 5iia. wide, and 
2ft. 7in. high, and 1ft. 9^in. deep, with 23 tubes passing from it 
through the barrel to the smoke box and chimney. The boiler was 
fitted with a 2in. safety valve, which was intended to blow at 45 lbs., 
but as there was no ferrule, it is supposed to have been screwed 
down to a much greater pressure. 

The upper portion of the shell over the fire-box rent through the 
manhole, and allowed the shell to open out and fall on each side. 
A large portion of the front plate was also torn off. 

The cause of the explosion was the weakness of the manhole, 
which was not strengthened by any ring, and also excessive pressure 
from want of proper safety valve. 

No. 33. Breage, June Wth, 1 hiUed. 

Cornish Boiler, 36fL Gin. long, and 6ft. diameter, f inch 
plates, 45 lbs. 

The tube collapsed and rent, and the issuing contents caused the 
death of the attendant. 

The weak tube of such large diameter, \?as unable to bear the 
ordinary working pressure, having no strengthening rings. 

No, 34. Nottingham. June 19^A. 2 killed, 4 injured. 

Locomotive, J inch plates, 140 lbs. 

The explosion occurred at the left hand side of the ring of plates 
in the barrel next the fire-box, and below the foot-plate. The rent 
tore along the edge of the lap and into the next ring of plates. 
The reaction of the issuing contents threw the engine off the rails. 

The cause of the explosion was partial corrosion at the point of 
rupture and strain of the plates, as the boiler itself formed part of 
the frame of the engine. 

No. 35. Richmond. June 26th. 2 injured. 

Locomotive, being tried for the first time. The funnel came in 
contact with a bridge, and the dome was also torn off. 
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No, 36. Qainthro' June 29th. none injured, 

1^0 details have been obtamed. 

No, 37. Durham, July 2nd, 4 hiOed, 

Plain Cylindrical Boiler, 30fb. long, and 6fb. diameter, f inch, 
plates, 28 lbs. It had been repaired a short time before the 
explosion, with 5 new plates. 

The boiler was torn up into several pieces, but the main portion 
remained flattened out on the seating, while some smaller pieces 
were sent 250 yards away. 

The cause of the explosion was the deterioration of the boiler, 
and its frequent repair over the fireplace. 

No, 38. Liverpool, June 12th, 4 injured. 

Elephant Boiler, 20ft. long, and 4fb. diameter, g inch plates, and 
worked at low pressure. The bottom shell had a tube through its 
whole length. 

A rent took place in the lower part of the fireplace, and extended 
along the bottom, and the reaction of the issuing contents caused 
the top to rear up. 

The cause of the explosion was supposed to be that the bottom 
plates were worn too thin to bear the ordinary pressure. 

No, 39. Sheffield, July ^th, none injured. 

Two Tube Cornish Boiler, externally fired, 30ft long, and 6ft. 
diameter, g inch plates, 40 lbs. 

The second seam over the fire gave way, and the plate sank down 
upon the fire. 

The cause of the explosion was the deterioration of the seams 
over the fire, in consequence of the deposit of scurf which could 
not be properly cleared ojQ^ owing to the internal tubes. 

No, 40. Oldham, July lAth, none injured. 

Boiler, with two internal famaces, 9ft. 6in. long, and 2fb. 11 in. 
diameter, g inch plates, nniting into fm» tube beyond. 
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BOILER EXPLOSIONS IN 1866. 

diameter, f inch plates, 100 lbs. It was doTible-rivetted, and the 
erown of tube was strengthened with angle iron. The shell was 
formed of six rings, each of two plates alternately jointed top and 
sides. The third ring from the front had stripped off, and was 
thrown to the right and forwards against a wall. The line of rent 
was confined to the plates forming the ring, which was an outer 
one, and covered the two adjoining rings in the laps, the rent being 
from the edge of the inner lap to the nearest rivets. The first rent 
had taken place in the solid iron, about 1 inch from the rivets of a 
seam on one side, and from this the rent had extended along the 
seams on either side, and of course the whole ring soon tore off when 
the equilibrium was destroyed by the first rent. 

The fittings of the boiler were sufficient, except that there was 
only one safety valve, and that was so constructed that it could 
only open a very little way. 

The cause was a defect in the iron at the point of the first rent, 
and accumulated pressure during the time of standing. 

No, 54. Macclesfield. September 25th. none injured. 

Multitubular Boiler, with Urge internal fireplace, 60 lbs. 

The furnace crown became overheated from shortness of water, 
and was crushed down and torn across two seams. The boiler was 
lifted from its seat and thrown back against a stone wall. 

No. 55. Chelmtford. October 5th. 1 killed, 7 injured. 

Agricultural, 45 lbs., and had only just been set to work. 
The crown plate to the fire-box was so deeply corroded from long 
wear that it gave way, and the issuing contents scalded those near. 

No. 56. Greenwich. {Fig. 24.) October ^th. 2 hiUedf 2 injured. 

Marine, 16fk. long, slightly oval, front end flat, 8ft. 6in. wide, 
7ft. lOin. high, and the dimensions of the back hemispherical end 
were 2ft. less each way, § inch plates, 26 lbs. There were two 
internal fireplaces, of irregular shape, uniting at the back into one 
flue of similar shape, which did not come to the front, but passed 
through the steam space, and out at the top of the boiler. 
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BOILEB EXPLOSIONS IN 1866. 

Both the internal fdmaces collapsed, until the crowns almost 
tonched the fire bars, as shown in dotted lines, but without fracture. 
The back of the shell, on the right side, had evidently been over- 
heated, and had rent along the centre of a bulge, and this rent had 
extended along the line of rivets of the transverse seam on each 
side, allowing two rings of the plates of the shell to open out flat 
as shown. There was a bulge on the plate, on the right side of 
shell, corresponding with the one which parted on the opposite side. 

The cause of the explosion was overheating of the plates from 
shortness of water. 

No,. 10. Aberdeen. Deoeniber 2Wi. 1 injured. 

No particulars have been obtained. 
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BOILEB EXPLOSIONS IN 1867. 
No. 3. Sheffield. (lig. 2.) January 2nd. 1 killed, 4 injured. 




Fig. 2. 

One Tube ezlemallj fired, 30ft. long, 6ft. Gin. diameter, with 
dished ends. Tube 2ft. 9in. diameter, slightly oval. Pressure 
60 lbs* Tnbe collapsed sideways from end to end, becanse it was 
not strengthened by hoops or other means, which were the more 
needed, because it was slightly oval, and the longitudinal seams were 
nearly in one line. 

No. 4. Preeton. Jamiary Zrd. 1 killed. 

Boiler for heating apparatus. Fire was lighted without noticing 
that as there was no safety valve, and that all escape of steam was 
prevented by the connecting pipes being frozen. 

No. 6, Weeterham. January 5ih. 1 killed. 

Cast-iron Boiler for heating water for a horse shower bath, fixed 
behind an ordinary fireplace. Burst and caused great damage, owing 
CO the. pipes being frozen. There was no safety valve. 

No. 6. Barr. January 9th. 1 kUled, 3 ir^ured. 

Kitchen Boiler, which borst because the supply pipes were stopped 
by frost, and there was no safety valve. 

No. 7. Iiondon. January llth. 1 killed. 

Cornish, 12ft. long, 4ft. 6in. diameter, tube 2ft;. 4in. diameter, 
pressure 40 lbs. Small piece of plate was blown out near the 
bottom, and the boiler was displaced by the reaction of issuing 
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No. 31. Liverpool. {Fig. 17.) August 20^. 

7 hiUedf 5 if^red. 

Two Famace Chimney Boiler, 42ft. 4in. 
high, 6ft. 9in. diameter, i inch plates, 50 lbs. 
pressure. Nearly half the bottom plate was 
blown out, and the issuing contents found their 
way into the furnace and increased the damage. 
The . line of rupture near where it joined the 
shell was corroded almost to a knife edge, which 
so reduced its strength as to make it unable to 
bear the usual working pressure of steam, 
in addition to that of the column of water 
in the boiler. 



No. 32. Aecrington. August 21st. 1 hCUed, 

A Eier or Steam Bleaching Chamber, some- 
what like No. 2, and not used for generating 
steam, 9ft. high, 8ft. diameter, ^ inch plates, 
50 lbs. pressure. The bottom blew out, and 
the shell was torn to pieces. The cause of 
explosion was weakness of the ruptured end,, 
and want of care in working. 



No. 33. Birmingham. September llth. 1 MUed, 

1 injured. 

Two tube Cornish. The manlid was wrongly 
fixed outside with internal clamps. It was 
being screwed up tighter to stop leaking when 
the bolt broke, and the lid came off and allowed 
the contents of the boiler to escape. 
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BOILEB EXPLOSIONS IN 1868. 

No. 38. Glasgow. October 12th. 1 Mled, 1 injured. 

Plain Cylinder, 39fb. long, 5ft. diameter, g inch plates, k small 
piece of plate about one-and-half-feet area blew out of the bottom^ 
and the contents issued so violently as to do much damage, although 
the boiler itself was not otherwise injured. The ruptured plate was 
corroded to ^ inch thicknes» by the leaking of seams, caused by 
the feed water entering close to the bottom of the boiler. 

No. 39. Swansea. October ISth. 2 killed, 1 injured^ 

One of twenty-four. One tube Cornish, worked by two fdrnaeesy 
23ft. long, 6ft. Oin. diameter. Tube 3ft 9in. diameter, i inch 
plates, 40 lbs. pressure. The tube was divided by a wall down the 
middle. The tube collapsed sideways. It was said that one side 
was overheated through shortness of water, but it is more than 
probable the explosion was owing to the weakness of so large a tube 
without strengthening rings. 

No. 40. Preston. October 16th. 2 injured. 

This was an arrangement of pipes, called an " Economiser," placed 
in the flues of a set of boilers for heating the feed water. It wa» 
shattered into fragments, causing considerable damage. As the 
whole apparatus was said to be in proper order, the explosion had 
been attributed to coal gas in the flues, and some peculiarities in the 
ruptured pipes bear out the supposition. 

No. 41. London. {lig. 21.) October 19th. 6 injured. 




Mff. 21. 

Kitchen Boiler, for supplying hot water to the top of a lofty 
house. It was rectangular, 3ft. 6in. wide, 2fk. 6in. high, and 1ft. 
deep. The front was blown out and caused considerable damage. 




^BQFnBgh no pressore of 
"f^iKerlooked that the 
il^k^uld gire Enifficient 






2 kOttd, 10 mptruL 




"'" g!<^4'&'£W9t^S'^a§S^IS'Doh plates, 50 lbs. 



HvSS*^ -£ ■^-y^-5^3|^J^^*3&"^«. 2ft- 6in. high. 

-»l.*-_tfB^f«_-*^^:^;^^^g^:|^^^ aUow tube to bo 

ttejS fire ban, and rent 

iQKa^^^topen at each side, 

of the tube w 

•3he odlapae of the 




diameter, i inch 

tpletelf off. The 

ihole, which had no 

St and caused several 

Ib^S'^iler, and the rents- 

[si^Enp of the boiler. 



IBI 







S diameter, i inch plates. 

at bottom, 5ft. Sin. 

[wressare. In the sketch 

i^^e internal fire-box to be 

I ^^ces, man J of which were 

n as to the cause of the 

not ¥617 fiiTn^T stayed, 

i?& by coiTOfflon round the 



?«t the back. The back 
ilj corroded, and allowed 



9^a^ie given which are not 
i^^l^list. 

none ii^ired. 
long, 5ft. 6in. diameter, 



1! ,5.--.:.-»it»l^itf 

' • - Ss@ J*P'8'^^*S''-9. ~ fe?!*"™"^ to g«t low, 



181 






lie steam to escape 



-J- :i 







STOUBBBIDaB : 
PBINTBD BT B. BBOOXHAIXi, HIGH 8T1IBBT. 



"iizj^ ^ 



